Abstract: In this study, the synthesis, structure and physical properties of two series of segmented poly(ester-ether)s based on poly(butylene succinate) and two different types of polyethers were investigated. The poly(ester-ether)s were synthesized by transesterification reaction of dimethyl succinate, 1,4-butanediol and poly(ethylene oxide) (PEO, M n = 1000 g/mol) in the first series, and poly(tetramethylene oxide) (PTMO, M n = 1000 g/mol) in the second. The mass fraction of soft segments was varied between 10 and 50 mass. %. The effect of the introduction of two different polyether soft segments on the structure, thermal and rheological properties were investigated. The composition of the poly(ester-ether)s, determined from their 1 H-NMR spectra, showed that incorporation of soft polyether segments was successfully performed by the transesterification reaction in bulk. The molecular weight was estimated from solution viscosity measurements and complex dynamic viscosities. The thermal properties investigated by DSC indicated that the presence of soft segments lowers the melting and crystallization temperature of the hard phase, as well as the degree of crystallinity. Dynamical mechanical analysis was used to investigate the influence of composition on the rheological behavior of the segmented poly(ester-ether)s. The results obtained from an enzymatic degradation test performed on some of the synthesized polymers showed that the biodegradability is enhanced with increasing hydrophilicity.
INTRODUCTION
In past decade the interest in the use of biodegradable instead of bioresistant polymers as one solution to solid waste management has grown. The most promising polymers for this application are aliphatic polyesters. 1 Their degradation products, the starting diol and acid, or hydroxy acid are non-toxic and can enter the metabolic cycles of bioorganisms. For this reason they can be defined as potentially environmentally friendly materials. Aliphatic polyesters derived from hydroxy acids, such as poly(lactic acid), and different poly(b-hydroxyalkanoates) and poly(w-hydroxyalkanoates), have already found application mainly in the field of medicine and are commercially available. 2 The difficulties associated with the synthesis of aliphatic polyesters from diacids and diols (poly(alkylene dicarboxylate)) of high molecular weight were recently overcome by the use of highly effective transesterification catalysts and the high vacuum technique. 3, 4 The limiting factor for the broader use of aliphatic polyesters from diacids and diols is their poor thermal properties, i.e., low melting temperatures. One of the few aliphatic polyesters with a melting temperature above 100°C is poly(butylene succinate), PBS. 5 This polyester as well as its copolyesters with ethylene glycol and adipic acid are commercially available under the trademark Bionolle. They are highly crystalline polymeric materials with excellent processability on conventional equipment commonly used for the processing of polyolefine. 6 The biodegradable properties of polyesters can be improved by increasing their hydrophilicity. One way of increasing the hydrophilicity of polyesters is the introduction of hydrophilic segments, such as polyethers, into the backbone of the polymer chains. At the same time, the introduction of polyether soft segments into copolyesters leads to the formation of segmented block polymers, the mechanical properties of which can be easily controlled by the type, the weight percent and length of the soft segments. The first attempts to increase biodegradability by increasing the hydrophilicity of materials were performed with aromatic polyesters. [7] [8] [9] However, after degradation of the soft segments, there is always the possibility of an aromatic residue remaining which is very resistant to microbial or fungal attack and so can not be degraded under environmental conditions. 10, 11 In order to overcome the problem of the low biodegradability of aromatic polyesters, investigations of segmented aliphatic poly(ether ester amide)s were carried out. 12 There were also attempts to increase the biodegradability of polymers by preparing degradable polyurethanes containing poly(butylene succinate) and poly(ethylene glycol). 13 The biodegradable aliphatic poly(ester-ether)s investigated so far had poly(ethylene oxide), PEO, as the soft hydrophilic segments. Poly(butylene succinate) 14 and poly(ethylene succinate), 15 as well as polyesters based on L-lactic acid 16 and L-lactic acid in combination with citric acid 17 were investigated. For some special biomedical application, PEO was also used as the soft segment in copolyesters based on e-caprolactone 18 and the microbial polyester poly((R)-3-hydroxybutyrate). 19 In all cases when poly(ethylene oxide) was used, as expected, the biodegradability properties were improved and, depending on the length and content of the polyether, controlled degradable materials could be obtained. However there is still concern because of the oxidative instability of materials containing poly(ethylene oxide) during exposure of these polymers to light under ambient conditions. 9 Poly(tetramethylene oxide) is more stable than poly(ethylene oxide) and it was shown that aromatic poly(ester-ether)s containing poly(tetramethylene oxide) have improved properties as far as their stability is concerned. 8 Poly(tetramethylene oxide) is hydrolytically more stable than poly(ethylene oxide). However, poly(tetramethylene oxide) possesses hydrophilic groups and can improve the biodegradability properties of hydrophobic aliphatic polyesters. There were investigations on poly(ester-ether)s containing poly(tetramethylene oxide) based on poly(butylene succinate) and poly(butylene terephthalate) 20 but, to the best of our knowledge, there have been no reports on the synthesis and characterization of pure aliphatic poly(ester-ether)s with poly(tetramethylene oxide) as the soft segments.
In this paper the synthesis and characterization of two series of poly(ester-ether)s with different polyethers as soft segments are presented. Two polyethers of the same molecular weight (1000 g/mol) were used for the synthesis: PEO and PTMO. The aim of this study was to investigate the synthesis by transesterification reaction of poly(ester-ether)s, and to establish the effect of polymer compositon on the physical properties of the segmented poly(ester-ether)s.
EXPERIMENTAL

Materials
Dimethyl succinate (Aldrich) was used as received. Poly(ethylene oxide), PEO, molecular weight of 1000 g/mol (from Fluka) and poly(tetramethylene oxide), PTMO, of the same molecular weight (Merck) were used as obtained. 1,4-Butanediol was purified by vacuum distillation. Titanium-tetrabutoxide, Ti(OBu) 4 , (Aldrich) was used as a solution in dry n-butanol (1:9 vol).
Synthesis of polyesters
The copolysters were synthesized by transesterification in the bulk starting from dimethyl succinate, 1,4-butanediol and the corresponding polyether (M n = 1000 g/mol): poly(ethylene oxide)-PEO series and poly(tetramethylene oxide)-PTMO series. 1,4-Butanediol was used in 20 mol% excess over dimethyl succinate. A typical synthesis procedure for a poly(ether-ester) with 10 mass% of soft PEOS segments, which was applied for all the other poly(ester-ethers), was as follows: 33.6 g (0.230 mol) of dimethyl succinate, 24.4 g (0.271 mol) of 1,4-butanediol and 4.0 g (4´10 -3 mol) of poly(ethylene oxide) were placed in a three-necked flask equipped with a magnetic stirrer, a nitrogen introduction tube and a condenser. As the transesterification catalyst, 0.05 g (0.15 mmol) of Ti(OBu) 4 was used. The reaction mixture was purged with nitrogen and heated in the oil bath to 160°C and then gradually at a rate of 1°C/min to the final reaction temperature of 220°C. During this first stage, methanol was distilled off and collected. For the second phase, i.e. polycondensation, a second portion of Ti(OBu) 4 (0.15 mmol) was added and vacuum was applied. The reaction mixture was kept under these conditions for 6 h. After completion of the reaction, the resulting product was removed from the reaction flask, dissolved in chloroform and precipitated in a ten-fold amount of cold methanol. The polymer was dried under vacuum at ambient temperature. All the other poly(ester-ether)s were synthesized following the same procedure. The amount of the corresponding polyether was varied so as to obtain segmented poly(ester-ether)s with 10, 20, 30, 40 and 50 mass% of soft segments.
Characterization of the polyesters
1 H-NMR spectra of the polyesters were recorded in CDCl 3 solution with tetramethylsilane as the reference standard using a Varian-Gemini-200 instrument. From the ratio of the integrals of the characteristic peaks in the 1 H-NMR spectra, the compositions of the copolyesters were calculated.
The intrinsic viscosities of the copolysters were determined in chloroform using an Ubelodhe viscometer. The measurements were carried out at 25°C.
Melting temperatures and heats of fusion were determined from differential scanning calorimetry (DSC) measurements that were performed using a Perkin Elmer DSC2 instrument under a nitrogen atmosphere. Poly(ester-ether)s samples (5 mg) were heated, cooled and reheated at a rate of 10°C/min.
Dynamical mechanical testing was performed on the polyester samples between parallel plates in the rate sweep mode using a Reometrics mechanical spectrometer RMS-605. The measurements were carried out with controlled heating from 80°C (or 90°C depending on the sample melting point) to 160°C. At each temperature, the frequency was changed from 0.1 to 100 rad/s. Polyester pellets (diameter 12.5 mm) were molded from the melt. Also, a PBS sample was analyzed under torsion rectangular conditions on moulded polymer bars (63.0´12.4´1.0 mm 3 ) over the same temperature range.
Enzymatic degradation tests were performed on poly(ester-ether)s films obtained by hot pressing at 20°C above the melting temperature. Prior to the enzymatic degradation test, the hot-pressed films (104 0 mm 2 and about 200 mm thick) were aged for three weeks in order to reach equilibrium crystallinity. The poly(ester-ether) films were incubated in a phosphate buffer solution (pH 7.00 ± 0.01) at 37°C in a presence of Candida rugosa lipase (Sigma) at a concentration 1.0 mg/cm 3 . The enzymatic degradation tests were run in duplicate and simultaneously blank tests without enzyme were carried out. After the predetermined time period (25, 50, 75, 100 and 150 h), the films were removed from the test tubes,washed with distilled water, and dried under vacuum at room temperature to constant weight (reproducibility 0.1 mg). The extent of biodegradation was evaluated as the weight loss divided by the initial sample surface area.
RESULTS AND DISCUSSION
In order to investigate the influence of the content of flexible, hydrophilic segments on the physical properties of biodegradable polyesters, two series of poly(ester-ether)s were synthesized. The poly(ester-ether)s were synthesized by a two-step transesterification reaction in bulk (Scheme 1):
Starting from dimethyl succinate and 1,4-butanediol and an appropriate amount of the required a,w-hydroxyl terminated polyether, the low molecular weight reaction product methanol was removed in the first phase of the transesterification reaction. After completion of the first phase, vacuum was applied in order to remove the excess 1,4-butanediol and produce chain extension. Removal of the formed methanol is very important in the first phase of the synthesis and so its volume was measured after completion of this stage of the reaction. In order to produce poly(ester-ether)s of high molecular weight, efficient removal of the excess of 1,4-butanediol, which can be achieved with high vacuum, is essential. During the second phase, the vacuum was measured after every hour. The limiting viscosity number, complex dynamic viscosity and yield were determined for each synthesized poly(ester-ether) and the results are summarized in Table I . The weight percent of methanol evolved in the first phase of the reaction was above 80 % of the theoretical in all syntheses. Ti(OBu) 4 is obviously a good catalyst for the transesterification reaction, as well as for the second phase of the polycondensation reaction. The yield for almost all the polyesters after precipitation in methanol was 70-87 %. There was a difference in the limiting viscosity number among the polyesters in both series. For the PEO series, the limiting viscosity numbers were in the range from 31.2 to 118.7 cm 3 /g, and for the PTMO series from 49.6 to 87.5 cm 3 /g. In the PEO series, the higher the soft segments content was, the lower was the limiting viscosity number. This can be a consequence of the smaller hydrodynamic volume of the more flexible macromolecules. This behavior could not be seen in the second series. The limiting viscosity number is in-fluenced not only by the flexibility of the macromolecular chain but also by the molecular weight and these two effects are superimposed. The low [h] for PBSEO-40 and PBSEO-50 can be a consequence of thermal degradation of the polyether during synthesis, because no thermal stabilizer was used. The values of the Newtonian complex viscosity, h * , at 1 Hz and 130°C are in the range 0.2 to 129.9 Pas for the PEO series and from 0.2 to 25.9 for the PTMO series. The Newtonian complex viscosity can be used as an indicator of the molecular weight of the poly(ester-ether)s. However, the trends in the limiting viscosity numbers and in the complex viscosity were not the same and the difference in h * were more pronounced within the series, especially for the PEO series. This can lead to the conclusion that the complex dynamic viscosity is more influenced by the increase in the flexibility of the macromolecular chain than the limiting viscosity numbers. High vacuum in the second phase is very important in order to synthesize polymers of high molecular weight. A clear connection between the applied vacuum and the value of limiting viscosity number could not be established. However, the highest [h] obtained for PBSEO-10 was achieved when the applied vacuum was below 0.3 mmHg. In all the other syntheses, the applied vacuum was above 0.4 mmHg and [h] did not exceed 100 cm 3 /g. Filmability of the poly(ester-ether)s from the melt or solution was poor for those poly(ester-ether)s having [h] below 60 cm 3 /g. The obtained results suggest that in order to obtain poly(ester-ether)s with molecular weights high enough to enable good filmability, i.e., mechanical properties, either the applied vacuum must be higher than 0.2 mmHg with a simultaneous shortening of the polycondensation time or a thermal stabilizer for the unstable polyethers must be used during the synthesis.
H-NMR analysis of the composition and structure of the poly(ester-ether)s
In order to investigate the molecular structure of the synthesized polyesters, 1 H-NMR analysis was performed. Representative spectra with the corresponding structural formulas are shown in Figs. 1 and 2 for PEO and PTMO based polyesters, respectively.
The composition of poly(ester-ether)s can be calculated comparing the intensities from the diols in the corresponding segments: 1,4-butanediol in the hard segments and polyether in the soft segments. The poly(ester-ether)s composition for the PEO series, content of hard PBS and soft PEOS segments, was determined from the 1 H-NMR spectra as the relative intensities of the proton peaks arising from the butylene moiety (c) and methylene groups attached to the ether oxygen from the polyether moiety (d). The mole fraction of the soft segments was calculated using the formula: The composition of the PTMO series could not be calculated using a peak from the butanediol moiety due to the overlapping of the said peak with the signal from similar protons from the PTMO moiety (Fig. 2) . In this case the composition could be calculated only by comparing one diol content with total amount of acid moieties. For the PTMO series, the mole fraction of soft PTMOS segments was calculated as the relative intensities of the proton peaks arising from the succinate repeating unit (a) and methylene groups attached to the ether oxygen from the flexible segment (d') using the formula: where I d' and I a are the intensities of the corresponding peaks and N a = 4, and N d' = 50.56 are the numbers of protons in the corresponding units. The experimentally determined copolyester composition and the theoretical composition calculated from the composition of the feed are given in Table II . The obtained results show that in all copolyesters the content of the soft segments was lower than would be expected from the composition of the reaction mixture. However, looking at the mole fractions it can be seen that this difference between the theoretical and experimental composition is in the range of the experimental error of the determination of the composition by 1 H-NMR analysis, which is around 5 %. It may be assumed that the polyether was incorporated to a greater extent in fractions of lower molecular weight, which are more soluble and are probably not precipitated by methanol. The efficiency of the incorporation of the soft segments is between 74 and 94 % for the PEO series and 66 and 93 % for the PTMO series and so there is no significant difference in the efficiency of incorporation of the soft segments between these two series of copolyesters. Also, there is no change in the efficiency of incorporation of soft segments with increasing content of polyether in the feed. It can be concluded that both chosen polyethers have the same reactivity and that they can be efficiently incorporated in the polymer chains. The average sequence length of the hard PBS segments, L n , was calculated from the mole fraction of PBS as follows:
assuming random copolymerization and an average length of the soft segments of 1. These values are also given in Table II . The thermal properties are dependant of the PBS sequence length, and as both series have similar values of L n (Table II) , similar thermal behavior is expected in both series.
Thermal properties of the poly(ester-ether)s
In order to determine the thermal properties of the synthesized polyesters, differential scanning calorimetry was performed whereby two heating runs as well as a cooling run between them were recorded at the same heating/cooling rates. The obtained DSC thermograms are shown in Fig. 3, Aand B , for the PEO and PTMO series, respectively.
In the DSC thermogram of the first heating run, only one peak in the high temperature region was observed. The melting can be attributed to only the PBS segments (hard phase). There were no melting peaks in the low temperature region, which could be attributed to melting of crystallized polyether segments which could be expected above room temperature. As has been reported, crystallization of soft segments is expected with higher content or length of polyether. 8, 9 With higher soft segments content, the melting peak of the PBS segments broadens (around 24, 33 and 31°C for PBS, PBSEO-50 and PBSTMO-50, respectively) suggesting a broader crystallite size distribution due to the formation of polymer chains with a distribution of PBS sequence lengths. In the thermograms of the second heating run, the appearance of multiple endothermic peaks is evident in the both series. This behavior can be explained by the melt-recrystallization model 21 and was observed earlier for PBS and its copolyesters. 22, 23 From the DSC thermograms of the copolyesters, the melting temperatures and heats of fusion, as well as the crystallization temperatures and enthalpy changes during crystallization were determined. These results are summarized in Table III . The melting temperature of the hard crystalline PBS segments in the poly(ester-ether)s was lower compared to the homopolymer. The melting temperature of the hard segments depends on the average sequence length of the crystallizable units (Table II) . Simultaneously, it can be noticed that the melting temperatures of the PTMO copolyesters were slightly higher than those of the copolyesters in the PEO series, as is shown in Fig. 4 .
It can be assumed that crystallization of the hard segments is easier when PTMO soft segments are present. The enthalpies of fusion and, thus, the degree of crystallinity of the poly(ester-ether)s are lower than the degree of crystallinity of the homopolyester. The degree of crystallinity of the hard PBS phase is given in Table III . The values are normalized to the PBS content, in order to be able to compare the crystallinity with the PBS homopolymer, using the following formula:
x cPBS = DH mI /DH°w PBS DH mI is the observed heat of fusion of the whole sample, DH°is the theoretically calculated heat of fusion of 100 % crystalline PBS (110.5 J/g calculated on the basis of group contribution 24 ) and w PBS is the weight fraction of hard poly(butylene succinate) segments in the sample.
The degree of crystallinity of the whole sample (x c ) was lower than degree of crystallinity of the homopolymer. However, the degree of crystallinity of the hard phase (x cPBS ) was similar for all copolymers and close to the degree of crystallinity of PBS. For higher contents of soft segment, the degree of crystallinity of the hard phase (PBS) was even slightly higher than in pure PBS (Fig. 5) . The observed extent of enhancement of the degree of crystallinity of PBS was approximately the same for both series, i.e., independent of the type of polyether. This behavior was reported earlier for polyethers of different starting molecular weight. 8, 20 Incorporation of the soft flexible polyether segments probably enhances crystallization.
The degree of undercooling (DT h = T mI -T c ), an indication of the rate of crystallization was 23.9°C for PBS and so it can be considered to be a fast crystallizing polyester. The degree of undercooling was increased with incorporation of the soft segments, reaching 55°C for PBSEO-50 and 64°C for PBSTMO-50, which means that the rate of crystallization of the poly(ester-ether)s was much lower. This can be another reason for the slightly higher degree of crystallinity of the PBS in the copolyesters, when there is no freezing of the polymer chains and consequentially the hard segments have more time to order in the crystalline structure. 
Dynamical mechanical analysis of the poly(ester-ether)s
Dynamical mechanical testing was performed on polymer pellets in the temperature range from 80°C (in some cases 90°C) to 160°C and with varying frequency. For the thermoplastic PBS torsion tests were also performed on a rectangular bar below the melting region. The dependencies of the storage modulus G' on temperature for a frequency of 1 Hz are shown in Fig. 6 . Both series show similar behavior. A plateau of rubber-like behavior was observed as well as a transition to the molten state. G' for the poly(ester-ether)s in the rubbery plateau was lower than the corresponding value for the homopolymer, PBS, by one to two decades due to the presence of the soft segments and different degree of crystallinity. The transition from the rubbery to the molten state for both the poly(ether-ester)s and PBS was very sharp and is in good agreement with data from the DSC measurements.
From the dynamic mechanical measurements, the complex dynamic viscosity changes with frequency were also recorded (Fig. 7) . A similarity between the two series is also observed in these dependencies. The poly(ester-ether)s of both series show Newtonian behavior in the melt, i.e., there was no change in h * with change of frequency. The scattering observed for PBSEO-50 and PBSTMO-50 can be a consequence of the low values of h * that were on the limit of the sensitivity of the instrument used.
The change in the complex dynamic viscosity with composition of the poly(ether-ester)s is shown in Fig. 8 . It is evident that with increasing soft segment content, the viscosity was lower as a consequence of the increased mobility of the polymer chains. In some cases there is disagreement from the observed trend (PBSEO-10, PBSEO-30, PBSEO-50 and PBSTMO-50) which can be explained by the different molecular weights of the poly(ester-ether)s which also have an influence on the value of h * but in the opposite direction.
Enzymatic degradation
The biodegradability of the poly(ester-ether)s was investigated by monitoring the weight loss of polymer films exposed to an enzyme in phosphate buffer solution with time. As was previously mentioned, only the poly(ester-ether)s with [h] above 60 cm 3 /g gave good films, so the enzymatic degradation tests were carried out only for PBS and the poly(ester-ether)s with 10 mass % of soft segments. The time changes of the weight losses of the polymer films divided by the total surface area are shown in Fig. 9 .
The results obtained in the blank tests (without addition of the enzyme and carried out for 150 h) are also shown in Fig. 9 . As can be seen from Fig. 9 , the weight losses for the poly(ester-ether)s are higher than those obtained in the tests performed with PBS. This increase can be explained by the increased hydrophilicity of the copolymers, as well as by the decrease in the crystallinity of poly(es- ter-ether)s. Introduction of polyether soft segments is good way to tailor the biodegradability properties of aliphatic polyesters. The obtained results suggest that poly(ester-ether)s with PEO in the soft segments are more susceptible to hydrolysis than those based on PTMO, which is to be expected from the lower hydrophilicity of PTMO compared with PEO. 8 However, this difference is not so pronounced and future tests on poly(ether-ester)s with higher contents of hydrophilic segments will reveal the true difference between these two types of soft segments. The weight losses obtained in the blank tests were of the same order of magnitude as the ones obtained in the presence of the enzyme. In Fig. 9 . only the weight losses after 150 h of incubation for the blank test are shown. The chosen lipase at this concentration does not have any catalytic effect on the hydrolysis of polyesters of this type.
CONCLUSION
By applying a transesterification reaction in the bulk, the successful synthesis of two series of poly(ester-ether)s was achieved. On the basis of 1 H-NMR spectroscopy, the compositions of the poly(ester-ether)s were shown to be close to the composition of the feed. Also no difference in the reactivity of the two employed polyethers was noticed. The melting temperatures of the poly(ester-ether)s were lower than that of the homopolymer. The degree of crystallinity of the poly(ester-ether)s was also lower than that of PBS, but the degrees of crystallinity of the hard phase were close to that of PBS or even slightly higher due to the presence of flexible segments that enhance crystallization. The thermal properties of the po-ly(ester-ether)s at this content of soft segments were not influenced very much by the type of polyether used. Dynamic mechanical measurements showed that the storage modulus of the poly(ester-ether)s were lower than the corresponding value for PBS, and that Newtonian behavior of the melt was observed with all the synthesized polyesters. The increased flexibility of the polymer chains has a pronounced influence on the complex dynamic viscosity with increasing content of soft segments. The results obtained in the biodegradation tests showed that the introduction of the hydrophilic polyether segments increased the biodegradability and is good way to tailor the biodegradability properties of aliphatic polyesters. Also, the difference in the hydrophilicity of two types of employed polyethers results in two series of poly(ester-ether)s having different biodegradation properties. 
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U okviru ovog rada ispitana je sinteza i fizi~ka svojstva dve serije segmentiranih poli(estar-etara) na bazi poli(butilen-sukcinata) i dva tipa razli~itih polietara. Poli(estar-etri) su sintetisani reakcijom transesterifikacije polaze}i od dimetil-sukcinata, 1,4-butandiola i poli(etilen-oksida) (PEO, M n = 1000 g/mol) u prvoj seriji, i poli(tetrametilen-oksida) (PTMO, M n = 1000 g/mol) u drugoj seriji. Maseni udeo mekih segmenata u obe serije je variran od 10 do 50 mas. %. Izu~avan je uticaj uvo|ewa razli~itih polietarskih mekih segmenata na strukturu, kao i termi~ka i reolo{ka svojstva. Na osnovu sastava poli(estar-etara) odre|enih iz 1 H-NMR spektara je pokazano da je uvo|ewe mekih polietarskih segmenata uspe{no izvedeno reakcijom transesterifikacije u rastopu. Molarna masa je procewena na osnovu grani~nih viskozitetnih brojeva i kompleksnih dinami~kih viskoziteta. Diferencijalnom skeniraju}om kalorimetrijom je utvr|eno da se uvo|ewem mekih segmenata sni`avaju temperature topqewa i kristalizacije tvrde faze. Stepen kristalini~nosti celog uzorka, procewen na osnovu promena entalpija topqewa, smawuje se, dok je stepen kristali~nosti tvrde faze isti kao kod homopolimera ili ne{to ve}i pri ve}im udelima mekih segmenata. Ispitivawe uticaja sastava na reolo{ka svojstva poli(estar-etara) je izvedeno dinami~ko-mehani~kom analizom. Rezultati dobijeni u testovima enzimske razgradwe pokazuju da se biodegradabilnost pove}ava sa pove}awem hidrofilnosti polimera. (Primqeno 15. aprila 2004) 
